To achieve the target blood pressure recommended by the latest guidelines, multiple antihypertensive drugs are needed in most patients. In this study, the efficacy of treatment using an angiotensin II receptor antagonist (ARB) combined with a calcium channel blocker (CCB) or a diuretic was compared from multiple perspectives in patients with hypertension. Twenty-nine patients with essential hypertension, who had failed to achieve their target blood pressure (o130/85 mm Hg for patients o65 years old and o140/90 mm Hg for those X65 years) when treated with the ARB olmesartan at 20 mg day À1 , were additionally given 8-16 mg day À1 of the CCB azelnidipine or 1-2 mg day À1 of trichlormethiazide (a thiazide diuretic) in a randomized crossover manner for 4 months each. At the end of each combination therapy period, blood and urine samples were collected and arterial stiffness was evaluated by measuring the cardio-ankle pulse wave velocity. Compared with monotherapy, the blood pressure was reduced similarly by adding azelnidipine (À12/À10 mm Hg) or trichlormethiazide (À14/À9 mm Hg). The heart rate was decreased with the CCB by 4 b.p.m. (Po0.05), whereas it was unchanged with the thiazide. Serum K, lipids and blood glucose were not significantly changed with either combination, whereas serum uric acid was increased with the thiazide (Po0.01) but was unchanged with azelnidipine. Plasma levels of renin, angiotensin II and aldosterone were also increased with the thiazide period, whereas high-sensitivity C-reactive protein and oxidized low-density lipoprotein were decreased with azelnidipine. In addition, the cardio-ankle vascular index, a parameter of arterial stiffness, was decreased with the azelnidipine period but was unchanged with the thiazide period (Po0.01). It is suggested that the combination of olmesartan and azelnidipine has advantages over the combination of olmesartan and a thiazide with respect to avoiding hyperuricemia, sympathetic activation, renin-angiotensin-aldosterone system stimulation, inflammation, oxidative stress, and increased arterial stiffness in patients with moderate hypertension. These properties may provide cardiovascular protection in addition to the hypotensive effect.
INTRODUCTION
Epidemiological studies have indicated that there is a linear relationship between blood pressure and the risk of cardiovascular diseases such as stroke and myocardial infarction. This relationship also exists even in the normal blood pressure range below 140/90 mm Hg down to 115/75 mm Hg. Therefore, the latest versions of various guidelines for the management of hypertension recommend a reduction of the blood pressure below the high end of the normal range, that is, lower than 130/85 mm Hg, in the non-elderly hypertensive patients. [1] [2] [3] In particular, patients with complications such as diabetes mellitus and chronic kidney disease need stricter blood pressure control (o130/ 80 mm Hg) to prevent the progression of target organ damage and to reduce the risk of cardiovascular disease.
However, only one-third of hypertensive patients achieve such target blood pressure levels with a single antihypertensive agent irrespective of the class of drug used and thus two-thirds of patients require a combination of two or more drugs to obtain adequate blood pressure reduction. 4, 5 When combining multiple antihypertensive drugs, the mechanism of action and adverse effects should be thoroughly understood to attain the maximum benefit from combination therapy. It is desirable for the antihypertensive effect to be enhanced and the adverse effects to be canceled by combining different classes of antihypertensive drugs.
In this randomized crossover study, the clinical efficacy of antihypertensive therapy combining an angiotensin II receptor antagonist (ARB) with a calcium channel blocker (CCB) or a thiazide diuretic was investigated in patients with moderate hypertension.
METHODS
We enrolled a total of 50 outpatients with essential hypertension aged 30 to 79 years and classified as stage I or II according to the World Health Organization (WHO) criteria for organ damage. When not on medication, they had moderate hypertension (systolic blood pressure of 160-179 mm Hg and/or diastolic blood pressure of 100-109 mm Hg) according to the classification in the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH2004). 6 Patients treated with a single antihypertensive agent could also be included if their blood pressure was not controlled at o140/ 90 mm Hg. Secondary causes of hypertension were ruled out through a comprehensive investigation. This study was performed in accordance with the recommendations of the World Medical Association for biomedical research involving human subjects (Edinburgh version, 2000), and was approved by the institutional review board. Informed consent was obtained from all subjects.
After stopping any current antihypertensive medications, the patients were treated with the ARB olmesartan at a dose of 20 mg once daily in the morning for 1-3 months. The target blood pressure was o130/85 mm Hg for subjects younger than 65 years and o140/90 mm Hg for subjects aged 65 years or older. After the olmesartan monotherapy period, patients were assigned to combination therapy by a randomized crossover design if the target blood pressure was not achieved. Either 1 mg of trichlormethiazide (a thiazide diuretic) once daily or 8 mg of azelnidipine (a dihydropyridine CCB) once daily was added to olmesartan, after which combination therapy was continued for 4 months and the dose of trichlormethiazide or azelnidipine was increased to 2 and 16 mg, respectively, if the target blood pressure was not achieved. After 4 months of the initial combination therapy, trichlormethiazide was switched to azelnidipine and vice versa for a second period of combination therapy that continued for another 4 months. The order of the drugs was randomized. Blood pressure was measured by a sphygmomanometer at 2-to 4-week intervals with the patient in the sitting position after more than 20 min of rest.
At the end of each combination therapy period, a blood sample was taken from an antecubital vein after an overnight fast and 30 min of supine rest. In addition to a sample for routine biochemistry tests, part of the blood was placed into a chilled tube containing EDTA (1 mg ml À1 ). Plasma was separated by centrifugation at 4 1C and stored at À80 1C until assay. The plasma renin activity and plasma aldosterone concentration were determined by radioimmunoassay. Plasma angiotensin II was measured by direct radioimmunoassay using an Angiotensin II RIA kit (SRL, Tokyo, Japan). Plasma highsensitivity C-reactive protein (HSCRP), a marker of inflammation, was measured by a highly sensitive sandwich enzyme-linked immunosorbent assay. 7 The plasma level of malondialdehyde-modified low-density lipoprotein (MDA-LDL), a marker of oxidative stress, was also measured by enzyme-linked immunosorbent assay. The estimated glomerular filtration rate (eGFR) was calculated from the serum creatinine (sCr) concentration, and age by the following equation 8 : eGFR¼194ÂAge À0.287 ÂsCr À1.094 (Â0.739 for females).
The first morning urine specimen was collected for urinalysis at the end of each combination therapy period. Urinary albumin was measured by an immunoturbidimetric method and expressed as a ratio to the urinary creatinine concentration.
To evaluate the effect of treatment on arterial stiffness, the cardio-ankle vascular index (CAVI) was measured with a Vasera VS-1000 system (Fukuda Denshi, Tokyo, Japan) 9,10 at the end of each combination therapy period.
Results are expressed as the mean±s.d. Clinical and laboratory data were compared between two groups by Student's t-test for paired samples. Comparisons between the three groups were performed by analysis of variance for repeated measures followed by the post hoc Tukey test. A P-value of less than 0.05 was considered to indicate statistical significance.
RESULTS
A total of 50 hypertensive patients who met the inclusion criteria started monotherapy with olmesartan at 20 mg once daily. While receiving monotherapy, 21 patients achieved the target blood pressure (o130/85 mm Hg for patients younger than 65 years and o140/ 90 mm Hg for patients aged 65 years or older). The remaining 29 patients were assigned to combination therapy in a randomized crossover manner. Table 1 lists the baseline characteristics of the 29 patients who received combination therapy. Eight patients had not been taking antihypertensive drugs and 21 patients had received a single antihypertensive agent earlier. Seven patients were taking a CCB before entering the study and six were taking an ARB, whereas a diuretic, angiotensin-converting enzyme inhibitor, b-blocker and ablocker were used by three, two, one and one patient, respectively. Twenty-two patients were younger than 65 years and seven patients were aged 65 years or older.
The average doses of azelnidipine and trichlormethiazide for combination therapy were 13 ± 4 and 1.6 ± 0.5 mg, respectively. Figure 1 presents the time-course changes in blood pressure and pulse rate during the two combination therapy periods. Blood pressure was comparably lowered by the addition of azelnidipine or trichlormethiazide. Pulse rate was significantly reduced by azelnidipine, whereas it was rather increased by trichlormethiazide. Table 2 shows the physical findings of the 29 patients who received combination therapy at the end of each study period. The addition of azelnidipine or trichlormethiazide to olmesartan lowered the blood pressure to a similar extent in patients who had not achieved their target blood pressure on 20 mg of olmesartan alone. The pulse rate was significantly lower in the combination therapy peiod with azelnidipine than in the monotherapy period, whereas it was not significantly changed in the period trichlormethiazide was added. Regarding the body weight, no significant change was observed throughout the study. Table 3 lists the biochemistry data at the ends of the monotherapy period and each combination therapy period. Serum K, lipids and blood glucose were not significantly changed by either combination therapy. Serum insulin was not significantly changed either, but serum uric acid was significantly increased at the end of combined treatment with trichlormethiazide, whereas it was unchanged at the end of combined treatment with azelnidipine. Figure 2 shows the eGFR and urinary albumin excretion after each combination therapy. Neither of these parameters altered significantly throughout the monotherapy and combination therapy periods. Figure 3 presents the plasma levels of renin activity, angiotensin II and aldosterone at the end of each study period. These components of the renin-angiotensin-aldosterone system (RAAS) were not significantly affected by the addition of azelnidipine to olmesartan; however, they were increased by combined treatment with trichlormethiazide compared with treatment with olmesartan alone. The left panel of Figure 4 shows the plasma level of HSCRP and the right panel shows plasma MDA-LDL. HSCRP (an inflammatory marker) was significantly lower during combined therapy with azelnidipine than with monotherapy, whereas the levels were comparable between the Combined antihypertensive therapy with olmesartan T Ishimitsu et al combined therapy period with trichlormethiazide and the monotherapy period. Compared with the monotherapy period, plasma MDA-LDL, which reflects oxidized LDL, was also decreased with azelnidipine but was unchanged with the thiazide. Cardio-ankle vascular index (an index of arterial stiffness) was lower at the end of combined treatment with azelnidipine than with monotherapy but was not significantly different between the combined treatment with trichlormethiazide and monotherapy, which means that arterial stiffness was reduced by the addition of azelnidipine but not by the addition of trichlormethiazide ( Figure 5 ).
DISCUSSION
In this study of patients with moderate hypertension, 42% of the subjects reached the target blood pressure on an average dose of olmesartan alone. This result agrees with earlier reports that the antihypertensive effect of olmesartan is greater to other ARBs. 11, 12 Thiazide diuretics are not only inexpensive first-line therapy for hypertension but are also effective when combined with other classes of antihypertensive drugs, because thiazides promote the urinary excretion of Na, which is retained because of vasodilation and suppression of cardiac function by other antihypertensive drugs. 
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The hypotensive effect is expected to be increased synergistically by the combination of a diuretic and an ARB, because ARBs block the upregulation of RAAS by diuretics in response to a decrease of body fluid volume. However, thiazide diuretics can possibly cause adverse metabolic effects, including hypokalemia, hyperuricemia, dyslipidemia and impaired glucose tolerance. These adverse effects of diuretics can be potentially ameliorated by ARBs, which improve insulin resistance and increase plasma K levels. In this study, serum glucose, lipids and K were not significantly different between trichlormethiazide and azelnidipine therapy, although the serum uric acid level was higher with the thiazide than with the CCB. Hyperuricemia may prevent the continuation of thiazide therapy even when combined with an ARB, but other adverse effects of thiazides seem to be alleviated by RAAS inhibitors.
As CCBs directly dilate the vascular smooth muscle, their hypotensive effect is consistent and dose-dependent. In addition, CCBs and ARBs rarely cause severe adverse effects in hypertensive patients. Therefore, the combination of an ARB and a CCB is not only effective, but also safe, for long-term antihypertensive therapy. With respect to the occurrence of adverse effects, the results of this study suggested that the ARB+CCB combination is greater to the ARB+thiazide combination in terms of not increasing the serum uric acid level.
Pulse wave velocity is an indicator of arterial stiffness and an increased pulse wave velocity has been shown to reflect a higher risk of cardiovascular disease. 13, 14 However, it has been pointed out that the pulse wave velocity varies according to the changes of blood pressure and sympathetic activity. 15, 16 CAVI was measured in this study, and it is calculated by adjusting pulse wave velocity for blood Combined antihypertensive therapy with olmesartan T Ishimitsu et al pressure based on a stiffness parameter (b). Thus, it is thought to be a more accurate index of arterial stiffness. 9, 10 In this study, CAVI was lower with azelnidipine than with trichlormethiazide period, which suggests that the CCB was more effective at reducing arterial stiffness than the thiazide diuretic. In most studies investigating the effects of antihypertensive drugs on arterial stiffness, the parameter was evaluated after treating for 6 months or more. 17 The treatment periods of this study were shorter than this and may be insufficient to cause the structural changes in arterial walls. Theoretically, CCBs should reduce arterial stiffness by relaxing the arterial smooth muscle, whereas the blood volume reduction caused by diuretic therapy could lead to an increase in vascular resistance. Therefore, such functional difference in the effects on the arterial tension between CCB and diuretics may have resulted in the reduction of CAVI in the combination therapy with azelnidipine and the lack of such effect in the combination therapy with trichlormethiazide.
Among the various components of the RAAS, angiotensin II enhances the production of free radicals, promotes cell growth, and increases the synthesis of inflammatory and profibrotic cytokines. 18, 19 Recent studies have revealed that aldosterone also promotes free radical production and endothelial dysfunction, as well as having mitogenic and profibrotic actions. 20, 21 These nonhemodynamic effects of angiotensin II and aldosterone are deleterious to the cardiovascular system and cause inflammation, fibrosis and scarring of various tissues that lead to cardiovascular organ dysfunction and increase the incidence of cardiovascular disease. In this study, circulating RAAS factors, such as angiotensin II and aldosterone, were increased by the thiazide compared with the CCB. Although the RAAS in cardiovascular tissues may not always show a parallel response to circulating hormone levels, RAAS upregulation by thiazide therapy could possibly have an adverse influence on the development of cardiovascular organ damage in hypertensive patients. The average plasma renin activity was not markedly high during the monotherapy period even though the ARB was administered. A considerable part of the patients of this study, 19 out of 29, showed signs of renal injury such as eGFR less than 60 ml min À1 per 1.73 m 2 and albuminuria, although their sCr levels were within normal range, o1.2 mg per 100 ml for men and o1.0 mg per 100 ml for women. Therefore, the increase in plasma renin activity by olmesartan may not be prominent in the existence of low renin hypertension because of renal impairment. In addition, plasma aldosterone concentration was significantly increased by trichlormethiazide, although the angiotensin II type 1 receptor had been blocked by olmesartan. Considering that the hypotensive effect of olmesartan has been shown to increase dose-dependently up to 80 mg, Combined antihypertensive therapy with olmesartan T Ishimitsu et al the dose of 20 mg used in this study did not fully block the angiotensin II type 1 receptors and allowed an increase in aldosterone by stimulation with a diuretic. Cardiovascular disease arises because of the progression of arteriosclerosis. Laboratory and experimental evidence has indicated that chronic inflammation has a role in the development of arteriosclerosis. 22, 23 A number of studies have examined various circulating markers of inflammation, such as cytokines and adhesion molecules, as potential predictors of the existence and future risk of cardiovascular disease. Among the numerous circulating markers studied thus far, HSCRP seems to have the most consistent relation with the risk of cardiovascular diseases in a variety of clinical settings including hypertension. [24] [25] [26] In addition to the classical risk factors for arteriosclerosis, such as hypertension and dyslipidemia, oxidative stress has been attracting considerable attention as one of the novel risk factors for cardiovascular injury. Oxidative stress depletes nitric oxide and causes endothelial dysfunction that initiates arteriosclerosis. Oxidized LDL generated by oxidative stress also promotes the progression of arteriosclerosis. [27] [28] [29] In this study, plasma HSCRP and MDA-LDL levels were lower with azelnidipine than with thiazide therapy. The antioxidant effect of azelnidipine possibly participated in the reduction of plasma MDA-LDL levels. 30, 31 With regard to the changes in HSCRP, the anti-inflammatory effects of CCB seem variable; 32 however, it has been reported that azelnidipine, but not nifedipine, reduced plasma inflammatory markers in patients with diabetic nephropathy. 33 Therefore, azelnidipine seems more effective in alleviating oxidative stress and inflammation than other dihydropyridine CCBs.
Epidemiological studies have indicated that an increased heart rate is associated with a higher incidence of cardiovascular diseases and a worse prognosis. [34] [35] [36] Tachycardia caused by reflex activation of the sympathetic nervous system is one of the major adverse effects of CCB therapy. Unlike other dihydropyridine CCBs, however, azelnidipine has been shown to inhibit sympathetic activity. 37 On the contrary, natriuresis and the decrease of body fluid volume caused by diuretics are considered likely to increase sympathetic activity and the heart rate. In this study, the heart rate was lower during azelnidipine therapy than with thiazide therapy. This property of azelnidipine may be beneficial for the inhibition of cardiovascular events in hypertensive patients.
The ACCOMPLISH study 38 compared benazepril+amlodipine and benazepril+hydrochlorothiazide in high-risk hypertensive patients, and found fewer cardiovascular events with the former combination than with the latter. On the other hand, the GUARD study 39 examined the combination of an angiotensin-converting enzyme inhibitor with a CCB or thiazide diuretic in type II diabetic patients and showed that the thiazide was greater to the CCB with regard to reducing albuminuria. In this study, renal parameters such as eGFR and urinary albumin excretion did not differ significantly between azelnidipine and trichlormethiazide combined with an ARB. Thus, the long-term effects of combined antihypertensive therapy on the kidneys need to be evaluated in further clinical trials. It may be worth noting that azelnidipine has been shown to reduce proteinuria more effectively than amlodipine in patients with chronic kidney disease. 40 In summary, this study showed that the combination of olmesartan and azelnidipine was greater to the combination of olmesartan and trichlormethiazide with regard to avoiding hyperuricemia, reflex sympathetic activation, RAAS upregulation, inflammation, oxidative stress, and increased arterial stiffness in patients with moderate hypertension who required combination therapy. The combination therapy with olmesartan and azelnidipine may provide better cardiovascular organ protection than the combination therapy with olmesartan and a thiazide in addition to its hypotensive effect. However, care should be taken in interpreting the results of this study because the study protocol does not correspond with the practical treatment in some respects. First, the dose of trichlormethiazide was increased to achieve further blood pressure reduction, although the use of highdose diuretics is not recommended in terms of preventing coronary heart disease. 41, 42 Second, olmesartan was used in a single dose; however, the increase in the dose of ARB may be a choice of treatment to intensify the antihypertensive effect.
